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D2	 280,731,104	 226,858108	 167,944,096	 109,525,916	 413,534	
4	dpd	 280,160,813	 208,773,716	 159,493,842	 124,875,018	 565,883	
12	dpd	 224,773,200	 140,786,180	 122,722,291	 98,305,042	 411,782	













Sequence	 Annotation	 Function	 D2	 4	dpd	 12	dpd	 20	dpd	
ACCCTGTAGAACCGAATTTGC	 mir-10b	 S	 X	 X	 X	 X	
ACCCTGTAGAACCGAATTTGT	 mir-10b	 S	 X	 X	 X	 X	
TACCCTGTAGAACCGAATTTG	 mir-10b	 S	 X	 X	 X	 X	
TACCCTGTAGAACCGAATTTGC	 mir-10b	 S	 X	 X	 X	 X	
TACCCTGTAGAACCGAATTTGT	 mir-10b	 S	 X	 X	 X	 X	
TACCCTGTAGAACCGAATGTG	 mir-10d	 S	 X	 X	 X	 X	
TACCCTGTAGAACCGAATGTGT	 mir-10d	 S	 X	 X	 X	 X	
AACATTCAACGCTGTCGGTGA	 mir-181a	 S,H,IP	 X	 X	 X	 X	
TATTGCACTTGTCCCGGCCTGTA	 mir-92a-1	 S,H,IP	 X	 X	 X	 X	
TATTGCACTTGTCCCGGCCTGT	 mir-92a-1/a-2	 S,H,IP	 X	 X	 X	 X	
TATTGCACTTGTCCCGGCCTG	 mir-92a-1/a-2	 S,H,IP	 X	 X	 X	 X	
ACCCTGTAGAACCGAATTTG	 mir-10b	 S	 X	 X	 	 	
ACCCTGTAGAACCGAATGTGT	 mir-10d	 S	 X	 X	 	 	
AAGCTGCCAGCTGAAGAACT	 mir-22a	 S,H	 X	 X	 	 	
CAAGTGCTACACGTTGGGGTG	 unknown	 unknown	 X	 X	 	 	
CAAGTGCTACACGTTGGGGTGA	 unknown	 unknown	 X	 X	 	 	
TTTGGCAATGGTAGAACTCAC	 mir-182	 IP	 X	 	 	 X	















Sequence	 Annotation	 Function	documented	in	literature	 Cluster1	
AGGATATCATCTTATACTGTAA	 mir-144	 regulate	generation	of	ROS2	 4-5	
AGGCGGAGACTTGAGCAATT	 mir-25	 regulate	generation	of	ROS2	 4-5	
AGGCGGAGACTTGAGCAATTG	 mir-25	 regulate	generation	of	ROS2	 4-5	
ATCACATTGCCAGGGATTA	 mir-23b	 regulate	generation	of	ROS2	 4-1	
ATCACATTGCCAGGGATTAC	 mir-23b	 regulate	generation	of	ROS2	 4-5	
ATTGCACTTGTCTCGGTCT	 mir-25	 regulate	generation	of	ROS2	 4-5	
CATTGCACTTGTCTCGG	 mir-25	 regulate	generation	of	ROS2	 4-5	
CATTGCACTTGTCTCGGT	 mir-25	 regulate	generation	of	ROS2	 4-1	
CATTGCACTTGTCTCGGTC	 mir-25	 regulate	generation	of	ROS2	 4-5	
CATTGCACTTGTCTCGGTCT	 mir-25	 regulate	generation	of	ROS2	 4-5	
GGATATCATCTTATACTGTAA	 mir-144	 regulate	generation	of	ROS2	 4-5	
TAACACTGTCTGGTAACGA	 mir-200a	 affect	ROS	levels	in	cancer	cells3	 4-5	
TAACACTGTCTGGTAACGAT	 mir-200a	 affect	ROS	levels	in	cancer	cells3	 4-5	
TAGGTAGTTTCATGTTGTTG	 mir-196	 regulate	Nrf2	and	related	regulatory	proteins2	 4-3	
TGAGAACTGAATTCCATAGAT	 mir-146a	 regulate	generation	of	ROS2	 4-3	
TTAATGCTAATCGTGATAGGG	 mir-155	 regulate	Nrf2	and	related	regulatory	proteins2	 4-5	













































































mir-143	 GAGATGAAGCACTGTAGCTC	 mir-143	 stress	(106)	 hibernation	
(ground	squirrel)	GAGATGAAGCACTGTAGCT	 mir-143	
mir-153	 TTGCATAGTCACAAAAGTG	 mir-153	 preconditioning	(28)	 	






















mir-204	 TCCCTTTGTCATCCTATGCCT	 mir-204	 hypoxia	(27),	
preconditioning	(28)	
	




mir-429	 AATACTGTCTGGTAATGCCGT	 mir-429	 hypoxia	(54),	
preconditioning	(60)	
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Figure 4.5. Representative images from AL4 cell anoxia assay with normoxic 
controls. Live cells are stained with calcein AM (green) and dead cells are stained 
with ethidium homodimer-1 (red). Note: dead cells are infrequent in the images 




















Rank	 Gene	Description	 Accession	Number	 MW	
1	 filamin-A-like	 gi|928045615|ref|XP_013871745.1|	 271	kDa	
2	 60	kDa	heat	shock	protein,	mitochondrial	 gi|928064595|ref|XP_013881886.1|	 61	kDa	




5	 keratin,	type	II	cytoskeletal	8-like	 gi|928052258|ref|XP_013875316.1|	 59	kDa	
6	 keratin,	type	I	cytoskeletal	18-like	 gi|928033140|ref|XP_013865078.1|	 46	kDa	
7	 tubulin	beta-4B	chain		 gi|928042654|ref|XP_013870158.1|	 50	kDa	
8	 elongation	factor	1-alpha-like	 gi|928060894|ref|XP_013879930.1|	 50	kDa	
9	 glyceraldehyde-3-phosphate	dehydrogenase-like	 gi|928036382|ref|XP_013866804.1|	 36	kDa	
10	 malate	dehydrogenase,	mitochondrial	 gi|928078999|ref|XP_013889566.1|	 36	kDa	




13	 heat	shock	cognate	70	kDa	protein	 gi|928076929|ref|XP_013888455.1|	 71	kDa	
14	 protein	disulfide-isomerase	A3	 gi|928061989|ref|XP_013880516.1|	 49	kDa	
15	 peptidyl-prolyl	cis-trans	isomerase-like	 gi|928057806|ref|XP_013878276.1|	 18	kDa	
16	 myosin-9	isoform	X1	 gi|928031733|ref|XP_013864337.1|		 227	kDa	
17	 vinculin	 gi|928029438|ref|XP_013863112.1|	 117	kDa	
18	 tubulin	alpha	chain-like	 gi|928074255|ref|XP_013887014.1|	 50	kDa	
19	 keratin,	type	I	cytoskeletal	18	 gi|928052256|ref|XP_013875315.1|	 48	kDa	
20	 stress-70	protein,	mitochondrial	 gi|928055488|ref|XP_013877040.1|	 74	kDa	
21	 alpha-enolase	isoform	X1	 gi|928014035|ref|XP_013875839.1|	 47	kDa	
22	 transgelin	 gi|928063843|ref|XP_013881487.1|	 22	kDa	
23	 protein	disulfide-isomerase	 gi|928075497|ref|XP_013887687.1|	 57	kDa	
24	 78	kDa	glucose-regulated	protein	 gi|928032721|ref|XP_013864862.1|	 72	kDa	
25	 annexin	A1	 gi|928037682|ref|XP_013867505.1|	 38	kDa	
26	 fructose-bisphosphate	aldolase	C	 gi|928021102|ref|XP_013858647.1|	 39	kDa	
27	 aconitate	hydratase,	mitochondrial-like	 gi|928015966|ref|XP_013883920.1|	 85	kDa	
28	 endoplasmin	 gi|928078446|ref|XP_013889269.1|	 92	kDa	
29	 calreticulin-like	 gi|928072162|ref|XP_013885892.1|	 49	kDa	
30	 phosphoglycerate	kinase	1	 gi|928069612|ref|XP_013884529.1|	 45	kDa	
31	 polyadenylate-binding	protein	1-like	 gi|928073508|ref|XP_013886612.1|	 71	kDa	
32	 transketolase-like	 gi|928013213|ref|XP_013873113.1|	 68	kDa	
33	 elongation	factor	2-like	isoform	X1	 gi|928023739|ref|XP_013860054.1|	 95	kDa	
34	 annexin	A10	 gi|928053823|ref|XP_013876156.1|	 35	kDa	
35	 ATP	synthase	subunit	alpha,	mitochondrial-like	 gi|928020060|ref|XP_013858090.1|	 60	kDa	
36	 peptidyl-prolyl	cis-trans	isomerase	B	 gi|928065630|ref|XP_013882442.1|	 24	kDa	
37	 spectrin	alpha	chain,	non-erythrocytic	1	isoform	X1	 gi|928066740|ref|XP_013883023.1|	 285	kDa	
38	 ADP/ATP	translocase	2-like	 gi|928053695|ref|XP_013876086.1|	 33	kDa	




41	 thioredoxin	domain-containing	protein	5	 gi|928064829|ref|XP_013882012.1|	 47	kDa	
42	 protein	disulfide-isomerase	A6	isoform	X1	 gi|928044502|ref|XP_013871144.1|	 48	kDa	
43	 annexin	A2	 gi|928021882|ref|XP_013859057.1|	 40	kDa	
44	 myosin	light	polypeptide	6	isoform	X1	 gi|928013546|ref|XP_013874544.1|	 17	kDa	
45	 heat	shock	protein	HSP	90-beta	 gi|928044096|ref|XP_013870927.1|	 83	kDa	
46	 transgelin-like	 gi|928027724|ref|XP_013862193.1|	 22	kDa	




49	 isocitrate	dehydrogenase	[NADP],	mitochondrial	 gi|928021780|ref|XP_013859002.1|	 51	kDa	
50	 nucleoside	diphosphate	kinase	B-like	 gi|928049155|ref|XP_013873646.1|	 17	kDa	
51	 aspartate	aminotransferase,	mitochondrial	 gi|928015913|ref|XP_013883668.1|	 47	kDa	
52	 trifunctional	enzyme	subunit	alpha,	mitochondrial	 gi|928062422|ref|XP_013880747.1|	 83	kDa	
53	 ubiquitin-like	modifier-activating	enzyme	1	 gi|928013223|ref|XP_013873167.1|	 118	kDa	
54	 glutamate	dehydrogenase,	mitochondrial	 gi|928028353|ref|XP_013862534.1|	 60	kDa	
55	 40S	ribosomal	protein	S19	 gi|928047478|ref|XP_013872748.1|	 19	kDa	
56	 calumenin	 gi|928021626|ref|XP_013858927.1|	 37	kDa	
57	 triosephosphate	isomerase	 gi|928060976|ref|XP_013879975.1|	 27	kDa	
58	 14-3-3	protein	beta/alpha-1	 gi|928012834|ref|XP_013871899.1|	 28	kDa	
	
	114	








63	 stress-induced-phosphoprotein	1	 gi|928073299|ref|XP_013886500.1|	 62	kDa	
64	 peptidyl-prolyl	cis-trans	isomerase	FKBP10-like	 gi|928080774|ref|XP_013855187.1|	 82	kDa	
65	 cytoskeleton-associated	protein	4	 gi|928023052|ref|XP_013859682.1|	 57	kDa	
66	 profilin-2-like	isoform	X1	 gi|928076071|ref|XP_013887995.1|	 15	kDa	
67	 nucleophosmin-like	isoform	X1	 gi|928045853|ref|XP_013871870.1|	 33	kDa	
68	 eukaryotic	translation	initiation	factor	5A-1-like	 gi|928071703|ref|XP_013885650.1|	 17	kDa	
69	 phosphoglycerate	mutase	1	 gi|928065393|ref|XP_013882319.1|	 29	kDa	
70	 copine-1	 gi|928045172|ref|XP_013871505.1|	 60	kDa	
71	 gelsolin	isoform	X1	 gi|928019669|ref|XP_013857887.1|	 81	kDa	
72	 60S	ribosomal	protein	L23	 gi|928062767|ref|XP_013880921.1|	 15	kDa	
73	 cytochrome	b-c1	complex	subunit	2,	mitochondrial	 gi|928060079|ref|XP_013879496.1|	 52	kDa	




76	 adenylyl	cyclase-associated	protein	1-like	 gi|928074889|ref|XP_013887362.1|	 50	kDa	
77	 heterogeneous	nuclear	ribonucleoprotein	A0	 gi|928018779|ref|XP_013857407.1|	 31	kDa	
78	 trifunctional	enzyme	subunit	beta,	mitochondrial	 gi|928067566|ref|XP_013883465.1|	 51	kDa	
79	 glucose-6-phosphate	isomerase-like	 gi|928065225|ref|XP_013882229.1|	 62	kDa	
80	 WD	repeat-containing	protein	1	 gi|928047073|ref|XP_013872527.1|	 66	kDa	
81	 palladin	isoform	X1	 gi|928053509|ref|XP_013875984.1|	 156	kDa	
82	 40S	ribosomal	protein	S12	 gi|928050449|ref|XP_013874348.1|	 14	kDa	
83	 aldehyde	dehydrogenase,	mitochondrial	 gi|928055804|ref|XP_013877210.1|	 56	kDa	




86	 glutathione	S-transferase	A-like	 gi|928067647|ref|XP_013883508.1|	 26	kDa	
87	 40S	ribosomal	protein	S5	 gi|928039654|ref|XP_013868556.1|	 23	kDa	
88	 malate	dehydrogenase,	cytoplasmic-like	 gi|928077640|ref|XP_013888836.1|	 38	kDa	
89	 elongation	factor	Tu,	mitochondrial	 gi|928058550|ref|XP_013878676.1|	 49	kDa	
90	 carbonyl	reductase	[NADPH]	1	 gi|928057632|ref|XP_013878183.1|	 30	kDa	
91	 lamin	isoform	X1	 gi|928058272|ref|XP_013878525.1|	 71	kDa	
92	 serpin	H1	isoform	X1	 gi|928052396|ref|XP_013875388.1|	 50	kDa	
93	 rRNA	2'-O-methyltransferase	fibrillarin	 gi|928069322|ref|XP_013884377.1|	 84	kDa	
94	 myosin	regulatory	light	polypeptide	9	 gi|928033166|ref|XP_013865092.1|	 20	kDa	
95	 40S	ribosomal	protein	S2	 gi|928043003|ref|XP_013870345.1|	 30	kDa	
96	 non-muscle	caldesmon-like	isoform	X1	 gi|928052194|ref|XP_013875283.1|	 68	kDa	
97	 tropomyosin	alpha-4	chain	isoform	X4	 gi|928041725|ref|XP_013869664.1|	 29	kDa	
98	 4-trimethylaminobutyraldehyde	dehydrogenase	 gi|928061275|ref|XP_013880134.1|	 55	kDa	
99	 histone	H2AX	 gi|928057744|ref|XP_013878242.1|	 15	kDa	





















241	 MARCKS-related	protein-like	 gi|928066151|ref|XP_013882729.1|	 21	kDa	 170	










450	 neuronal-specific	septin-3	isoform	X4	 gi|928024447|ref|XP_013860429.1|	 41	kDa	 171	
473	 synaptopodin	 gi|928026615|ref|XP_013861597.1|	 84	kDa	 175	
516	 glia	maturation	factor	beta	 gi|928064390|ref|XP_013881777.1|	 20	kDa	 176	





669	 astrocytic	phosphoprotein	PEA-15	 gi|928069919|ref|XP_013884694.1|	 15	kDa	 178	
673	 RNA-binding	protein	Musashi	homolog	1	 gi|928033257|ref|XP_013865141.1|	 35	kDa	 159	













1234	 synapse-associated	protein	1	 gi|928074518|ref|XP_013887155.1|	 41	kDa	 181	
1242	 glia-derived	nexin	isoform	X1	 gi|928064581|ref|XP_013881879.1|	 44	kDa	 182	
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	dicer	1,	ribonuclease	type	III		 3.77	 5.34	 4.80	 7.43	 7.50	 -0.50	 0.62	
	DIS3	homolog,	exosome	endoribonuclease	and	
3'-5'	exoribonuclease		 13.28	 14.01	 11.23	 9.72	 14.76	 -0.08	 0.00	
	DIS3	like	exosome	3'-5'	exoribonuclease		 12.51	 8.31	 10.99	 8.91	 12.98	 0.59	 0.34	
	DIS3	like	3'-5'	exoribonuclease	2		 17.26	 15.62	 11.72	 13.25	 16.51	 0.14	 0.01	
	drosha,	ribonuclease	type	III		 8.73	 9.55	 11.17	 10.45	 10.48	 -0.13	 0.57	
	decapping	exoribonuclease		 7.36	 5.84	 6.54	 4.92	 6.67	 0.33	 0.35	
	elaC	ribonuclease	Z	1		 2.98	 2.59	 1.81	 2.23	 2.79	 0.20	 0.64	
	exoribonuclease	1		 17.94	 13.62	 12.89	 13.34	 15.02	 0.40	 0.29	
	ERI1	exoribonuclease	family	member	2		 1.65	 1.32	 1.22	 1.22	 1.38	 0.33	 0.55	
	poly(U)-specific	endoribonuclease-C-like		 13.61	 16.00	 14.68	 16.80	 17.36	 -0.24	 0.67	
	ribonuclease-like	3		 5.24	 3.48	 4.90	 2.46	 8.64	 0.59	 0.13	
	serine/threonine-protein	
kinase/endoribonuclease	IRE1-like		 0.05	 0.06	 0.03	 0.09	 0.05	 -0.50	 0.90	
	poly(U)-specific	endoribonuclease-C-like		 9.79	 12.09	 21.38	 11.05	 10.81	 -0.30	 0.00	
	ribonuclease	UK114-like		 10.26	 11.58	 11.43	 9.72	 7.05	 -0.17	 0.19	
	probable	ribonuclease	ZC3H12B,	transcript	
variant	X1		 0.04	 0.15	 0.18	 0.34	 0.22	 -2.04	 0.10	
	probable	ribonuclease	ZC3H12B,	transcript	
variant	X1		 0.05	 0.15	 0.14	 0.27	 0.26	 -1.58	 0.23	
	ribonuclease	P	protein	subunit	p25-like,	
transcript	variant	X1		 1.91	 1.17	 1.04	 0.83	 2.64	 0.70	 0.00	
	serine/threonine-protein	
kinase/endoribonuclease	IRE1-like		 1.47	 1.81	 2.40	 2.09	 2.06	 -0.30	 0.06	
	poly(U)-specific	endoribonuclease-C-like		 5.12	 9.31	 5.93	 8.14	 7.00	 -0.86	 0.37	
	poly(U)-specific	endoribonuclease-B-like		 0.88	 1.46	 1.34	 1.47	 1.52	 -0.75	 0.64	
	ribonuclease	ZC3H12A-like,	transcript	variant	
X1		 0.69	 0.55	 0.37	 0.88	 0.83	 0.33	 0.00	
	ribonuclease	P	protein	subunit	p25-like	
protein		 14.08	 12.00	 14.87	 11.73	 11.08	 0.23	 0.90	
	probable	ribonuclease	ZC3H12C		 1.94	 3.16	 4.39	 4.30	 2.70	 -0.71	 0.58	
	ribonuclease	inhibitor-like		 1.56	 2.17	 2.37	 1.81	 2.11	 -0.47	 0.50	
	ribonuclease	H-like		 3.10	 4.26	 2.71	 3.83	 4.39	 -0.46	 0.73	
	ribonuclease	ZC3H12A-like		 0.11	 0.14	 0.06	 0.13	 0.15	 -0.31	 0.49	
	probable	ribonuclease	ZC3H12C		 4.62	 2.61	 2.95	 3.08	 5.61	 0.82	 0.00	
	ribonuclease	P	protein	subunit	p21-like		 21.47	 20.60	 30.23	 16.88	 18.59	 0.06	 0.57	
	PAN2	poly(A)	specific	ribonuclease	subunit,	
transcript	variant	X1		 12.88	 12.25	 11.55	 10.13	 13.04	 0.07	 0.00	
	PAN3	poly(A)	specific	ribonuclease	subunit		 6.16	 8.11	 4.83	 9.87	 9.32	 -0.40	 0.69	
	poly(A)-specific	ribonuclease,	transcript	
variant	X1		 24.21	 22.64	 19.70	 18.97	 25.65	 0.10	 0.00	
	POP1	homolog,	ribonuclease	P/MRP	subunit,	
transcript	variant	X1		 8.35	 5.37	 4.22	 5.08	 6.88	 0.64	 0.00	
	POP4	homolog,	ribonuclease	P/MRP	subunit		 21.06	 18.06	 19.97	 15.15	 21.23	 0.22	 0.12	







	POP7	homolog,	ribonuclease	P/MRP	subunit		 11.87	 8.73	 12.10	 7.64	 9.24	 0.45	 0.14	
	ribonuclease	H1,	transcript	variant	X1		 38.54	 30.58	 32.77	 23.96	 34.39	 0.33	 0.41	
	ribonuclease	H2,	subunit	A		 13.07	 13.64	 11.23	 13.03	 12.12	 -0.06	 0.74	
	ribonuclease	H2,	subunit	B,	transcript	variant	
X1		 20.90	 18.60	 23.68	 16.04	 13.70	 0.17	 0.20	
	ribonuclease	H2,	subunit	C,	transcript	variant	
X1		 13.02	 10.84	 14.59	 8.52	 9.61	 0.27	 0.14	
	ribonuclease,	RNase	K		 72.29	 54.35	 78.25	 54.58	 52.04	 0.41	 0.46	
	ribonuclease	T2,	transcript	variant	X1		 2.10	 3.75	 2.76	 4.17	 3.96	 -0.84	 0.72	
	ribonuclease	P/MRP	14kDa	subunit,	transcript	
variant	X1		 39.45	 26.48	 35.71	 25.53	 24.91	 0.58	 0.38	
	ribonuclease	P/MRP	30kDa	subunit,	transcript	
variant	X1		 13.87	 11.12	 17.80	 11.05	 12.21	 0.32	 0.56	
	ribonuclease	P/MRP	38kDa	subunit		 4.32	 3.92	 3.35	 3.77	 4.04	 0.14	 0.13	
	ribonuclease	P/MRP	40kDa	subunit		 16.01	 13.15	 21.21	 15.30	 13.23	 0.28	 0.15	
	SWT1	RNA	endoribonuclease	homolog	(S.	
cerevisiae)		 14.25	 13.82	 15.48	 14.69	 10.56	 0.04	 0.88	
	5'-3'	exoribonuclease	1		 7.25	 7.01	 5.03	 6.48	 8.21	 0.05	 0.08	
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